Tumour heterogeneity may pose a problem when biopsy specimens are taken to measure proliferation (for example, in assessing response to therapy). Two "biopsy specimens" were taken from the centre and two from the edge of the luminal surface of 20 resected oesophageal adenocarcinomas. The proliferation index for each "biopsy specimen" was measured by counting Ki67 labelled nuclei in histological sections. The proliferation index was not associated with tumour differentiation or stage. There was site specific heterogeneity with a significant difference in proliferation index between the central (mean (SD) 36-4 (9.7)) and edge "biopsy specimens" (39.3 (9.9)).
Tumour growth is determined by the balance between cell gain (by proliferation) and cell loss (by apoptosis and necrosis). The former has been studied far more extensively than the latter. The proliferative level can be estimated histologically by several methods, of which the staining and counting of Ki67 labelled nuclei is considered to be the most simple and reliable. The Ki67 antibody recognises a nuclear protein in cells in all phases of the cell cycle except Go.' Counting the percentage of labelled cells within a tumour gives a proliferation index.
Adenocarcinoma of the oesophagus is an aggressive tumour with a poor prognosis (overall five year survival is less than 1 %).2 Most patients have disseminated disease at presentation. Chemotherapy potentially has a role to play in the control of the disease. In a preliminary study using biopsy assessment of oesophageal squamous carcinomas, before and shortly after chemotherapy, results indicated that changes in Ki67 counts could be an indicator of response to treatment. 3 Biopsy assessment, with concomitant sampling error, raises the problem of tumour heterogeneity with respect to the parameter to be measured. "To regard normal or pathological tissues as kinetically homogenous is a recipe for disaster!" (Ansari and Hall, 1992) . 4 In this study we have addressed the possible effect of tumour heterogeneity on the proliferation index of oesophageal adenocarcinomas by assessing multiple "biopsy specimens" taken from mapped sites on the surface of resected tumours.
Methods
Between 1990 and 1992, 20 patients (16 men, mean age 64 years, range 38-76 years) with oesophageal adenocarcinomas were studied prospectively. Patients received no neoadjuvant treatment. Following resection, the specimen was opened longitudinally and four mapped samples were taken immediately, using a fresh blade, from the luminal surface of the tumour: two from the central area and two from the growing edge. The samples were taken deliberately to resemble in size biopsy specimens taken at in vivo endoscopy (using a fixed endoscope, which is the normal practice in our Department of Thoracic Surgery). The dimensions were approximately 3 mm x 2 mm x 1 mm. These were fixed for 24 hours in 10% formalin and processed routinely to paraffin wax. 1  27  27  32  33  23  18  31  36  2  41  40  38  36  42  46  31  36  3  54  55  35  36  52  48  39  40  4  49  49  49  54  49  51  55  54  5  19  24  36  37  30  28  50  46  6  28  33  16  20  37  41  26  23  7  44  39  39  36  40  45  45  48  8  31  34  42  40  61  56  46  42  9  39  35  44  39  56  46   46  42   10   33  29  29  32  40  39  42  38  1 1  35  38  29  29  25  22  28  33  12  53  51  43  42  38  36  41  36  13  26  28  23  26  36  34  30  33  14  45  42  36  39  43  42  33  37  15  25  30  35  32  38  40  32 
STATISTICS
There was no significant inter-observer variability (p=0-41), but the variability between the four "biopsy specimens" from each patient was highly significant (p = 0 000 1). This could have been accounted for by differences between sites (centre and edge). However, repeating the analysis ofvariance for central and edge "biopsy specimens" separately also gave a highly significant difference (p = 0-0001 in both cases). Problems in assessing the proliferation index of oesophageal adenocarcinomas Further investigation into intra-site variability (between pairs of "biopsy specimens" for both centre and edge) revealed that for both types of specimen, the mean difference between pairs was small but the standard deviation was large (table 2) . This showed that there was a large amount of variation in the differences. This was also shown by the wide range of differences observed at each site, with differences as large as 19-5 being observed for the centre and 19 for the edge. Table 2 also shows, for pairs of "biopsy specimens", the range of values in which one would expect 95% of differences to occur.
There was significant inter-site variability (p = 0 04), with the central "biopsy specimens" having a mean (SD) of 36A4 (9 7) and edge "biopsy specimens" having a mean of 39 3 (9 9).
The proliferation index did not seem to be associated with either differentiation (p = 0-99) or stage (p = 0 57).
Discussion
In some tumours the Ki67 proliferative index has been shown to correlate with stage and prognosis-for example, in lymphomas and breast carcinomas.78 In the present study the Ki67 index in oesophageal adenocarcinomas did not correlate with pathological stage or grade (although numbers were small). These results concur with those of Porschen et al,9
who found no correlation between pathological variables and the Ki67 index in tumours of the alimentary canal, including oesophageal squamous cell carcinomas.
Immunostaining was carried out on paraffin wax embedded tissue using the microwave antigen retrieval method. This obviates the use of frozen sections. Microwave retrieval gave reliable, strong, easily counted, nuclear staining. The running mean counting method was used to eliminate intra-sample heterogeneity. Accuracy was improved on repeated counts by consensus agreement as to the normal, dysplastic and neoplastic areas within difficult "biopsy specimens". Diffusely infiltrating, poorly differentiated tumours might have presented a particular problem in the distinction of neoplastic from stromal cells. With the close counting system, it was not surprising that statistical analysis ofthe data revealed no significant interobserver variability (p = 0 4 1).
There was a highly significant difference in the proliferation indexes from the two sites, centre and edge (means of 36-4 and 39-3, respectively). The greater proliferation level of the edge could be related to a number offactors, consequent on the relation of the edge position to vascular supply.
Pathologists have assumed that the leading edge of the tumour is the most biologically active'0 and the present study supports this hypothesis, at least for oesophageal adenocarcinomas.
It follows, from these observations, that if one is taking sequential biopsy specimens in order to assess proliferation of a tumour, one should sample consistently from either the centre or the edge. Probably the latter is to be preferred, as problems consequent on necrosis in central ulcerated regions would thus be avoided. However, the analysis of intra-site variability within either the centre or edge site of a single tumour showed that there was a wide range of differences in indexes at both sites. When working with a tumour from a different site, investigators might be advised to make a preparatory study of heterogeneity.
In conclusion, we recommend that sequential biopsy specimens should be taken consistently from an edge site ifproliferation is to be measured as a possible indication ofresponse to treatment. Multiple biopsy specimens should also be obtained assuming that clinical considerations permit. 
